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 Abstract: Quantification the effect of agricultural cropping systems on soil carbon and 
nitrogen is important to farmers and policymakers because of its importance to climate change 
mitigation, soil quality and productivity. In an area of Northern Nile Delta, Egypt under the 
challenges of climate change and water deficiency because of construction of Ethiopian Dam, we 
measured the soil carbon and nitrogen stocks and fractions to 1m depth under rice and corn 
cropping systems. As well, soil organic and inorganic carbon were measured weekly during 
growing season in both systems. There was an obvious increment in soil carbon and soil nitrogen 
and their fractions, especially in surface soil. During the growing season, soil organic carbon 
increased about 200% than initial time in rice comparing to 70% in corn, while soil inorganic 
carbon was declined in both systems. The results appeared that there is a potentiality to increase 
soil carbon and soilnitrogen sequestration in this area if the rice system converted to corn which 
considers a kind of adaptation to climate change and mitigate the pressure of water deficiency in 
this vital area. 
 
 Keywords: Soil carbon and nitrogen stocks; cropping systems; potential sequestration; 
management practices; a physical fraction of soil carbon and nitrogen; Northern Nile Delta, 
Egypt. 
 
INTRODUCTION 
 
Recently, global awareness of environmental issues that linked directly to the 
terrestrial ecosystem such as global warming and climate change has increased on an 
unprecedented scale (Ravindranath and Ostwald 2008, Elbasiouny and Elbehiry 2019). 
Then information on stocks of soil carbon and nitrogen storage in agricultural soils is 
gaining increasing importance not only because of crop productivity but also its impacts 
on climate change, agriculture development, increasing sustainability, and 
environmental health (Majumder et al. 2007; Yuan et al., 2007; Liu et al. 2015).  Soil 
organic carbon (SOC) is considered an important part of the global C cycle, and its huge 
stock size indicates that any small change may result in significant variations in 
atmospheric CO2 emissions (Wang et al. 2018). As well, soil organic carbon (SOC), 
which is a pervasive and key soil quality indicator for maintaining soil fertility to sustain 
high crop productivity (Hui et al. 2017). A particular cropping system in a given soil 
type under given management and specific environmental conditions tends towards an 
equilibrium value of soil organic matter, to which that system is exposed. For example, 
Agricultura                                                                               no. 3 –4 (111-112)/2019                                                                                      Agriculture  
 
 
- 48 - 
 
continuously flooded rice accumulates carbon at a higher rate than under a rice-wheat 
rotation that is aerobic for part of the time or legume-based cropping system. Organic 
matter is found to accumulate under rice systems in long-term experiments (Shibu et al. 
2006). Nitrogen is one of the most important nutrients that improve yields in most agro-
ecosystem (Mamun et al. 2017). Nitrogen is frequently a limiting factor for growth and 
re-establishment of vegetation in disturbed or degraded soils, thus it is essential for 
increasing SOC concentrations. As well; total N (TN) and SOC are largely related to 
SOM accumulation, and carbon-nitrogen biogeochemical cycles and hence, always 
follow similar patterns (Wong et al. 2008, Xue-song et al. 2019). Because of this coupled 
cycling of C and N, assessment of the total nitrogen (TN) is essential in all studies on 
soil organic C stocks because of the strong impact of soil N dynamic on SOC 
sequestration (Jelinski and Kucharik 2009).  
Rice, one of the most important cereal crops, is the main food source for more 
than 50% of the world’s population, representing approximately 20% of global irrigated 
lands (Wang et al. 2018a). Most studies that performed on rice cropping systems related 
to soil C (SC) and N (SN) stocks, paid its attention to soil organic or labile C (Majumder 
et al. 2007; Jing′an et al. 2009; Neogi et al. 2014, Guo et al. 2015), but few studies 
focused on soil inorganic C (Hongjie et al. 2007). In addition; most studied investigated 
those parameters on surface depth, not large depth (Jing′an et al. 2009; Neogi et al. 2014), 
but few studies were performed on larger depth (i.e. 90 cm) (Liu et al. 2015). Hence; 
there is an increasing need for more information about soil C (organic and inorganic) 
and N stocks and their fractions especially in rice cropping system since more than 3 
billion people depend on rice as a staple food (Liu et al. 2105) comparing to other 
cropping systems. In addition, C storage in agricultural lands can potentially contribute 
to climate change mitigation, provided that global limiting of increasing atmospheric 
CO2 concentrations coming from the consumption of fossil fuel and the change in land 
use is implemented (Francaviglia1 et al. 2019). 
 Although North Nile Delta, Egypt is one of the most vulnerable areas to the 
potential impacts and climate change risks, even though it produces less than 1 % of the 
world total emissions of greenhouse gases (Fahim et al. 2013; Elbehiry et al. 2018); there 
are not enough studies on soil C and N stocks generally and especially in rice and other 
cropping systems. In addition to the challenge of climate change on this area; there is an 
expected decline of rice cropping area due to the expected water deficiency because of 
construction of Ethiopian Dam. Hence; new accessible and reliable information (about 
soil C and N and their potential sequestration), either nationally or locally, will be needed 
to assist managers in decision making related to this phenomenon (Waltman, et al. 2010).  
Therefore; the objectives of this study are to 1) compare between soil C and N 
stocks (total C, inorganic C (IC, organic C (OC), and their particulate and nonparticulate 
fractions in rice and corn cropping systems in an area of North Nile Delta Egypt; 2) study 
the vertical distribution and estimation of soil C and N stocks in the studied crop systems 
in surface, subsurface, lower layer and also for 1m depth, and 3) assess the potential 
decline or sequestration of soil C and N if rice fields converted to corn fields under the 
stress of water deficiency especially after construction of Grand Ethiopian Renaissance 
Dam on the Nile River.  
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MATERIAL AND METHOD 
 
 This study was performed in two parts: 1) comparing study to examine the 
difference between soil C and N stock and their physical fractions in rice and corn 
systems in an area of the North Nile Delta, Egypt, and 2) field experiment to investigate 
the effect of rice and corn cropping on soil organic and inorganic C during the growth 
season approximately 4 months. 
 Description of the study area  
 The sampling was performed in the Kafr-Elsheikh governorate, Northern Nile 
Delta, Egypt. The region is located within 30° 20′E and 31° 20′E and latitudes 31° 00′N 
and 31° 40′N (Fig. 1). According to the Central Laboratory for Agricultural Climate, 
Egypt; the annual average minimum and maximum temperature of the study area is 17.3 
and 26.8 ºC respectively. The monthly average rainfall is 34.16 mm. The main 
physiographic-soil unit is alluvial plain (sub-great groups: Vertic Torrifluvents) 
(Elbasiouny et al. 2014). The irrigation system is primarily surface, and the source of 
irrigation water is fresh water from Nile River, mixed water from Nile and agriculture 
drainage water or drainage water, but the drainage system is surface and subsurface. The 
main crop is this governorate in summer is rice, however, there are few areas cultivated 
by other crops such as corn and cotton.  
 Firstly: Comparing of soil C and N stocks and their physical fractions in 
rice and corn cropping system  
 Sampling 
 Soil samples were collected from Twelve soil profiles distributed on maize (six 
profiles) and rice (six profiles) with the same texture. Since the soil in this area is 
pedologically differentiated, each profile is classified into three layers based on the 
differential classification of this profile. Therefore; surface (L1) (0-30 cm), subsurface 
(L2) (30-60 cm) and lower (L3) (60-100 cm) layers. However; the comparison and 
significance will be considered in whole profile 1m depth. The locations of the selected 
profile are shown in Fig. (1). The soil samples were kept in a plastic bag and transferred 
to the laboratory for preparing and analyzing. The soil textural classes are silt clay and 
silty clay loam in both cropping systems.  
 Soil preparing and analysis 
  Soil samples from each depth interval were air-dried, ground and sieved to 2mm. 
The pH and ECe (electrical conductivity in soil paste) is determined according to Page 
et al. (1982). Exchangeable sodium percentage (ESP) is determined according to 
Marcum (2006). Soil texture is determined according to Rowell (1995). Bulk density 
(BD): is determined according to Blake and Hartge (1986). Wet combustion method (i.e. 
digestion by K2Cr2O7–H2SO4 (i.e. titrimetric determination (Walkley and Black method) 
was used to estimate SOC and soil organic matter (SOM) (Nelson and Sommers 1996). 
The geometric method described by (Dreimanis 1962) was used to determine calcium 
carbonate equivalent (CCE), to calculate SIC. A factor of 0.12, the mole fraction of 
carbon in CaCO3, was used to convert calcium carbonate to SIC Content (Mi et al. 2008). 
Then, total soil C was calculation by summing of SOC + SIC. Total soil N was 
determined by the Kjeldahl method.  
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Fig. 1. Sampling sites on Kafr Elshiekh governorate, North Nile Delta, Egypt 
 
  Physical size fractionation procedures were conducted on soil samples to isolate 
physical SC and SN fractions (i.e. particulate organic C(N) (POC(N)): the part of C or 
N which is associated with sand and non-particulate organic C(N) (NPOC (N)): the part 
of C or N which is associated with (silt + clay) by the rapid method which described by 
Kettler et al. (2001). Soil-particle dispersion is accomplished by adding hexametasodium 
phosphate (HMP), at an aqueous concentration of 3%, by weight, and shaking the soil 
sample (<2 mm) for 2 h on a reciprocating shaker at 120 reciprocations per minute in a 
container with a 3:1 HMP (90 mL) to soil (30 g) ratio. After dispersion, the soil slurry is 
sieved through a 0.053-mm sieve to collect the sand fraction. This fraction is washed by 
deionized water, and subsequently, oven dried at 105°C and weighed. A smaller original 
soil mass (15 g) can be used for the analysis, reducing the volume of liquid required to 
rinse the silt and clay particles through the sieve. The oven dried samples were analyzed 
by wet combustion method to determine POC and PON, while NPOC and NPON were 
calculated by the difference from Total Soil C and N. The C/N ratio was calculated based 
on OC and TN.  
 To calculate the SC and TN stocks (SCS and SNS) at each layer, a common 
equivalent mass for all depths was calculated as in Eq. 1 according to Elbasiouny et al. 
(2014). 
 SCS (SNS) Mgha-1 = 104 x Cs x h x BD /100            Eq. 1. 
 Where SCS is carbon stock (Mgha-1); Cs is the soil carbon concentration%; h is 
the depth of soil layer (m), and BD is the bulk density (gcm-3). 
 Stratification and enrichment ratios of soil C and N in the investigated 
cropping systems: 
 Stratification ratio (SR): SR was calculated according to (Franzluebber 2002; 
Causarano et al. 2008) as in Eq. 2 as follows: 
SR=
soil property in the soil surface 
soil property at a lower depth
                             Eq. 2. 
Agricultura                                                                               no. 3 –4 (111-112)/2019                                                                                      Agriculture  
 
 
- 51 - 
 
 Where SR was calculated from soil properties at the surface divided by those at 
subsurface soil; or soil properties at the surface divided by those at lower soil.  
 Enrichment factor (EF): EF calculated according to (Matus 2003; Oca 2009; 
Schulz et al., 2011) as in Eq. 3: 
EF= 
SOC(𝑁) in a size fraction (clay for example)
SOC(𝑁) in bulk soil
                                   Eq. 3. 
Secondly: Field experiment for examining soil organic and inorganic C 
during the growing season: This study was performed in two adjacent fields; rice and 
corn to compare the SOC and SIC contents during the growth period (4 months). 
Sampling was performed every two weeks during the growing season at 0 - 30 cm depth. 
The SOC and SIC were measured by the previously mentioned methods in all studied 
weeks. 
Calculating potential sequestration rate if rice converted to corn: Potential 
sequestration rate is calculated by subtracting soil C or N stocks in corn soil from their 
corresponding in the rice soil. 
Statistical analysis: The data were analyzed statistically with SPSS 17 software. 
Duncan’s multiple range tests were used to compare the means of both cropping systems 
based on the data of soil C and N in the whole profile (not the layers), variability in the 
data was expressed as the standard deviation, and P (significance level) was <0.05. 
 
RESULTS AND DISCUSSIONS 
 
 Soil characteristics in the studied cropping systems: Soil properties showed 
variability between studied cropping systems as shown in Table (1); The results showed 
that all soils are alkaline and have high pH, its mean value was higher in the rice soils 
compared to corn soil in all studied layers. Soil pH mean values increased with depth in 
corn soil which is not clear in rice soil., The soil salinity is varied as described by ECe 
between both studied cropping systems and in all studied layers (Table 1), ECe values 
are higher than 4 dSm-1 (limit between salinity and non-salinity in soil, United States 
Salinity Laboratory, 1954; Sumner 1995) in surface layer in corn system. It is also 
noticed that salinity is increased with layers’ depth in rice system and decreased in the 
corn system. This high level of salinity in some layer of rice and corn systems is probably 
attributed to hydrological (i.e. exposing soil to mixed (Nile and drainage) irrigation water 
which has a high level of salinity) and geographical conditions of the studied area (i.e. 
approximate to reciprocations Mediterranean Sea) (Tripathi et al. 2006). ESP values 
almost followed the same trend of ECe in the studied layer in both rice and corn soils as 
indicated in Table (1).  
Soil Texture is medium to fine in the studies profiles in both systems. Bulk density 
(BD) increased with depth in the rice system while it didn’t follow a clear trend in both 
of corn system. The mean values of BD recorded approximately 1.5 in both systems. 
The BD varies with soil texture and the densities of soil mineral particles, in addition to 
organic matter content and management practices (USDA 2008, Elbasiouny et al. 2014). 
Soil bulk density in all layers of studied systems was recorded as higher than 1.5 Mgm-
3. Those values are higher than identical values reported by (USDA 1999) especially in 
silty clay and silty loam profiles. This may be attributed to the effect of heavy machinery 
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(ElNahry et al. 2008,) low organic matter content or intensive management (Wong et al. 
2008). 
 Soil C and N stocks in the studied cropping systems 
 Most studies on soil C and N restricted to the upper 15 to 30 cm of the soil as a 
result of technical difficulty in sampling soil profiles and time-consuming in samples 
preparation for analysis (Don et al. 2007), however; Waltman et al. (2010) emphasized 
that baseline data on carbon and nitrogen stocks both at the surface and at depth are 
critical to understanding how much soil carbon or nitrogen we have. They also reported 
that soil C is presented in significant quantities throughout the soil profile; therefore, it 
is not enough to assess only the surface when measuring carbon. Hence, this study 
emphasized soil C and N stocks in approximately 1 m depth. The results of soil C and N 
stocks varied between both studied cropping systems as presented in Table (2). It is 
observed from the obtained data that C and N stocks are higher in all layers in rice system 
in surface soil, however, SOC stock is higher in corn systems in subsurface and lower 
layers (i.e. L2 and L3 layers) and SIC was higher in the lower layer in both systems than 
surface and subsurface layers. Wang et al. (2018) stated that compared with the paddy 
soil, the upland soil tended to be lower in C active pool concentration but higher in C 
slow pool concentration in the same region. However, they reported also that the changes 
in the SOC are yet unclear, because of a lack of historical sampling and SOC fraction 
data.  
As well, total soil N, PON and NPON were higher only in the L2 layer in the corn 
cropping system. When comparing the results at 1m depth, all soil C and n stocks were 
higher except SOC also, it was significantly higher in the corn cropping system. 
Although that, POC and NPOC are higher in rice system compared to corn system 
especially in the surface layer and 1m depth indicating the impact of management 
practices on this part of soil C. It is noticed that PON followed the same trend of POC, 
where it was higher in the surface layer and 1 m depth. Kai-lou et al. (2018) found that 
paddy soil had higher SOM and total soil N concentrations than corn system in upland 
soil. This provides more nutrients for crop growth. Oca (2009) emphasized that POC or 
PON as unprotected C or N composed of the sand-size, it is greatly affected by land use 
change and management, thus is generally used as an indicator of the effect of 
anthropogenic practices on the SOC pool and C dynamics. In the same context, Wang et 
al. (2018) stated that SOC in croplands is the most active C stock in the terrestrial 
ecosystems, which is directly disturbed by human activities, such as cropping systems, 
irrigation, and fertilization and indirectly influenced by environmental factors, such as 
climate change and N deposition.  
Although better estimates of regional and global SOC stocks are now becoming 
available, this is not the case for SIC. The SIC stock is mainly concentrated in soils of 
arid and semiarid ecoregions with annual precipitation <500mm (Mi et al. 2008). In this 
study, the mean values of SIC stock in rice system are 16.77, 16.86, and 17.93 Mgha-1 
in LI, L2, and L3 respectively (Table 2). The mean values of SIC stock in corn system 
are 5.25, 9.79, and 8.04 Mgha-1 in LI, L2, and L3 respectively. The SIC stock doesn’t 
follow a clear trend with depth exactly as found by (Mi et al. 2008, Elbasiouny et al. 
2014, Elbasiouny et al. 2017), where it decreased in L2 and increased again in L3. The 
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accumulation of SIC in the lower layer may be attributed to long-termed irrigation. In 
the arid region this accumulation can be interpreted by that Ca content in the soils in 
these regions is always increased than temperate regions because of low rainfall and Ca-
rich parent material, which allows the formation of carbonate soil solution where CO2 
resulted from SOM decomposition and plant respiration is dissolved in the soil solution 
and forms carbonate. Then this can precipitate with the Ca ions provided from irrigation 
water if the conditions are favorable (Wu et al. 2008, Elbasiouny et al. 2017).  
The difference of results between studied systems can be attributed to the 
differences in cropping systems and soil properties among locations which influenced 
the distribution of SOC and POC (Sainju 2006). The NPOC or NPON is higher as it was 
expected because of the known positively relation between OM and clay as stated by 
(Schmidt and Knabner 2002, Elbasiouny et al. 2017). Amelung et al. (1998) and Oca 
(2009) reported in their study that larger proportions of SOC were associated with clay 
and silt: from 73 to 97% of the TC. Huang et al. (2014) found that POM in rice paddies 
was higher than in upland cropping fields in the soil of three provinces in China 
 Variation of Soil C and N stocks with depth in studied cropping systems 
 As noticed in Table (2) and Fig. (2), all studied stocks didn’t follow a clear trend 
regarding its decrease or increase with depth except in SIC stock in the R system where 
it increased slightly with depth. However; Oca (2009) found in her study that in general, 
POM concentration tended to decrease with depth. Soil C and N supposed to be 
decreased with depth the as noticed above, soil C and N didn’t follow a clear trend. In a 
given system it increased with depth, decreased in another one or didn’t take obvious 
trend with depth. This is marked feature either for soil properties or for soil C and N. 
This may be interpreted by the effect of cultivation dilutes soil C because it mixes 
subsoil, of relatively low organic matter concentration, with surface soils having a higher 
organic matter content (Gregorich et al. 1998). Puget et al. (2005) reported the difference 
in concentrations of SOC and N among primary particle size fractions and with depth, 
especially in the undisturbed sites. They attributed this difference to strongly stratified 
OM in soil.  As well; it is noticed that the rice system was higher than corn systems in 
all studied properties related to C and N in soil especially in the surface layer. 
The results revealed higher stocks significantly in rice than corn system in 1 m 
depth (Table 2) in all studied stocks except in SOC stock. Liao et al. (2006) stated that 
in a system where low protection of organic matter was expected due to low silt+clay 
content, accumulation of organic matter can result from a sustained increase in primary 
production relative to decomposition, and/or inputs of residues with high chemical 
resistance to decay. 
  
 
Table 1. 
Soil properties in the three studied layers under cropping systems (mean ± SD) 
 
Cropping 
systems 
Layer 
depth 
pH  ECe ESP Sand Silt Clay BD 
- dSm-1 % gkg-1 Mgm-3 
Rice 
 
0-30 
30-60 
60-100 
8.1±0.1 
8.2±0.1 
8.1±0.2 
2.8±1.1 
3.4±1.6 
4.7±2.2 
13.8±3.9 
21.9±8.6 
23.8±10.2 
106.0±9.1 
54.7±4.4 
93.3±6.0 
518.1±184.4 
502.6±80.1 
511.9±52.8 
375.9±134.5 
442.6±96.6 
394.8±73.5 
1.50±0.03 
1.52±0.07 
1.56± 0.03 
 
 
 
 
 
 
Corn 
 
 
0-30 
30-60 
60-100 
7.9±0.1 
8.0±0.1 
8.1±0.1 
6.09±2.3 
2.6± 0.2 
2.1± 0.2 
25.5±7.5 
15.8±1.6 
17.8± 5.0 
288.4± 8.2 
67.9±3.8 
35.1±0.5 
525.3±23.5 
487.2±13.1 
548.5±12.2 
18.63±58.0 
444.9± 51.1 
420.1±7.1 
1.52±0.05 
1.50±0.03 
1.54±0.03 
ECe: electrical conductivity in soil paste; ESP: Exchangeable sodium percentage; BD: Bulk density.  
 
Table 2 
Soil C and N stocks (Mgha-1) in soil layers under the studied cropping systems (mean ± SD).  
Cropping 
systems 
Layer 
depth 
STC SIC SOC POC NPOC TN PON NPON 
Rice 
0-30 67.52±11.38 16.77±4.08 50.75±12.65 21.48±6.09 46.04±6.84 5.77±1.10 1.79±0.50 3.98±0.81 
30-60 40.85±3.38 16.86±3.42 24.17±5.69 10.62±2.68 30.23±1.77 2.97±0.28 0.97±0.12 2.00±0.18 
60-100 45.59±14.09 17.93±14.13 27.66±6.97 11.36±8.48 34.23±7.50 3.33±1.27 1.14±0.79 2.20±0.60 
Corn 
0-30 34.88±9.88 5.25±2.42 29.63±7.45 10.53±2.80 24.35±7.08 3.15±1.24 1.09±0.38 2.06±0.86 
30-60 47.38±5.95 9.79±3.99 37.59±2.99 8.74±0.67 38.64±5.50 3.77±0.81 1.11±0.10 2.66±0.74 
60-100 41.95±19.75 8.04±5.00 33.91±11.94 9.81±5.09 32.14±14.43 3.24±1.70 0.87±0.40 2.37±1.09 
Rice Whole 
profiles 
155.8*a1±17.16 50.95a±14.15 104.86b±18.21 43.11a±9.54 112.70a±16.58 12.25a±2.13 3.95a±1.23 8.31a±1.27 
Corn 141.16b±5.16 25.74b±3.22 115.42a±1.94 33.65b±0.07 107.52b±5.20 9.95b±0.58 3.34b±0.30 7.95b±0.72 
STC: Total carbon; SIC: inorganic C; SOC: organic carbon; POC: particulate organic carbon; NPOC: nonparticulate organic carbon; TN: Total nitrogen; PON: particulate organic 
nitrogen; NPON: nonparticulate organic nitrogen. 
*The mean values accompanied by different letters are significantly different within columns (P≤0.05) 
 
  
 
 
Fig. 2. The distribution of soil C and N stocks through soil profile under studied cropping systems 
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Li et al. (2008) stated that land management practices can significantly affect soil 
C sequestration in terrestrial ecosystems. Therefore; to mitigate the stress on Nile delta 
agricultural soil, there should be an emphasis on enhancing C and N inputs and 
decreasing C outputs in the soil through appropriate management practices (FAO 2004). 
This will be essential not only for enhancing soil quality, improving and sustaining food 
production and maintaining clean water but also for reducing increases in atmospheric 
CO2, thus improving environmental quality (Lal et al. 2004). 
 Accumulation or depletion of soil C and N in the studied cropping systems 
 Stratification ratio (SR) in the studied cropping systems: In this study, 
stratification ratio of soil C and N was higher in rice than corn system especially when 
using layer 1 / layer 2 (SR1) and layer 1/ layer3 (SR2) except in PON it was higher in 
corn when using SR2 (Table 3), indicating the effectiveness of rice in improving soil C 
and N. It’s observed also that SR1 and SR2 in POC and NPON in rice system was higher 
than 2. The critical limit (Causarano et al. 2008) for judging on the quality of this soil 
property is 2. The SR is more than 2 this exhibit accumulation of this property in the 
studied soil. TN was higher than 2 in SR2 in rice, while PON was higher than 2 SR2 in 
both rice and corn systems. This result supported our hypothesis that higher 
accumulation of crop residues under rice system would increase the concentration of 
organic matter, SOC and POC especially using SR1 and SR2. The lack of a strong 
difference in stratification ratio between rice and corn system could reflect some C and 
N accumulation in the sub-surface layer as a result of high clay content in this soil. High 
stratification ratios of soil C and N should reflect relatively undisturbed soil with a high-
quality soil surface that leads to improving soil properties and a diverse food supply for 
beneficial soil organism activities (Franzluebber 2002). Franzluebber (2002) 
hypothesized that the reason that the degree of stratification of soil organic C and N 
pools with soil depth could indicate soil quality or soil ecosystem functioning, is that 
surface organic matter is essential to erosion control, water infiltration, and conservation 
of nutrients. Additionally, stratification ratios allow a wide diversity of soils to be 
compared on the same assessment scale because of an internal normalization procedure 
that accounts for inherent soil differences. Causarano et al. (2008) emphasized on greater 
stratification ratios of SOC is a consequence of the accumulation of SOC at the soil 
surface, which should have had a positive effect on erosion control, water infiltration, 
and nutrient conservation. This point should be considered in the agricultural strategic 
plans in the studied area as one of the solutions for the sustainability of this fertile and 
crucial area in Egypt.  
Enrichment Factor (EF) of soil OM, C, and N in the studied systems: The 
enrichment factor (EF) was calculated to estimate C and N content in a particular size 
fraction (i.e. sand or clay+ silt) in relation to that of the whole soil. Wherever EF >1, the 
size fraction is being enriched, whereas if EF < 1, the C in the size fraction is being 
depleted (Oca 2009). The result in (Table 4) indicated that there is no EF higher than 1 
either in N or C in sand or clay+ silt fractions in the studied systems in the three studied 
layers. This means that either C or N was depleted in that fraction in all systems. In 
addition, as seen from Table (4), the EF in rice system decreased with depth in POC and 
NPON, while it increased with depth in NPOC and PON. However, there isn’t an 
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observed trend with depth in the corn system. Mestdagh et al. (2009) reported that soils 
of agro-ecosystems are C-depleted and represent a potential CO2 sink. This is in the same 
line with previous conducted results regarding depletion and accumulation of C in our 
studied soils. 
Table 3. 
Stratification ratio of soil C and N in the studied cropping systems 
 
Cropping 
systems 
 
 
 
 
 
 
systems systems 
Stratification TSC SIC SOC POC 
 
NPOC TSN PON NPON 
Rice 
SR1 1.68 1.02 2.13 2.03  1.55 1.97 1.86 2.03 
SR2 1.97 1.32 2.36 2.68  1.75 2.26 2.06 2.36 
Corn 
SR1 1.22 0.92 1.30 1.98  1.05 1.40 1.62 1.31 
SR2 1.57 1.30 1.63 1.94  1.45 1.91 2.53 0.70 
TSC: Total soil carbon; SIC: Soil inorganic C; SOC: Soil organic carbon; POC: Particulate organic carbon; 
NPOC: Nonparticulate organic carbon; TSN: Total soil nitrogen; PON: Particulate organic nitrogen; 
NPON: Nonparticulate organic nitrogen.  
SR1 calculated based on property in L1 and L2; SR2 calculated based on property in L1 and L3 
Table 4. 
Enrichment factor of soil C and N in the studied cropping system 
 
Cropping 
systems 
Layers depth EF POC EF NPOC EF PON EF NPON 
Rice 
0-30 0.32 0.68 0.31 0.69 
30-60 0.26 0.74 0.33 0.67 
60-100 0.23 0.77 0.34 0.66 
Corn 
0-30 0.30 0.70 0.35 0.65 
30-60 0.19 0.81 0.30 0.13 
60-100 0.24 0.76 0.26 0.74 
EF: Enrichment factor; POC: particulate organic C; NPOC: non-particulate 
organic C; PON: particulate organic N; NPON: non-particulate organic N 
  
 Changes in SOC and SIC during the growing season of rice and corn: A 
Field experiment  
The observation of SOC and SIC in the field (Figure 3 and 4). The data obtained 
showed that SOC under rice soil flocculated between increase and decrease until the 
eleventh week, then SOC increased linearly and reached to the highest level at the end 
of the growing season. The SOC concentration ranged from 0.95 to 2.49 %, which 
indicates an increase in SOC concentration by 262.1% at the end of the field experiment. 
On the other hand; under corn soil, SOC was flocculated also and lower than its 
corresponding in rice soil in all observed weeks except the first and fifth weeks. As well, 
it is observed that SOC increased at the end of the observation period by 76.9% 
compared to the initial time. This result is confirmed the previous result in Table (2) that 
SOC was higher in surface soil in the rice field. Huang et al. (2014) found that SOC 
concentration in rice paddies was significantly higher than upland cropping fields by 1.8, 
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2.2 and 21.5 % in three provinces in China. This in accordance with our results in terms 
of increasing SOC in rice fields.  
 
Fig. 3. Soil organic C content (%) during growth period of rice and corn 
 
The results of Huang et al. (2014) from long-term observation of SOC contents 
showed higher SOC in rice paddy soils than in upland cropping systems, which suggests 
that rice cropping system benefit the storage and accumulation of SOC. They attributed 
the increment of SOC in rice soils to anaerobic soil conditions during the frequency of 
flooding in the rice cropping system which may limit the decomposition of native SOM 
as well as to the added crop residues and other organic amendments. Furthermore, they 
found in their study that annual crop yields of rice were significantly higher than in 
upland cropping systems. This assumes that that crop productivity could qualitatively 
represent higher C inputs (from stubbles, roots, and rhizo deposition), which may also 
contribute to SOC accumulation in rice soils. However, more research is needed to assess 
whether the variations in the loss or C input determine SOC accumulation in rice fields 
compared to other cropping systems. As well, there is a need to better understand 
contributing rice cropping systems as a substantial source of atmospheric methane 
(CH4), which is a very important contributor to global warming. Therefore, this 
evaluation is required to stand on the C budget in rice fields and net gas emissions from 
these fields, thus determining the positive benefits or negative impacts based on this. 
 The presented data in Figure 4 indicates that SIC was flocculated also in rice 
and corn soil. It is observed also that SIC was lower in both fields at the end of the 
observation period compared to the initial time. As well, SIC content was lower in the 
rice field (4.4%) than corn field (4.9) at the end of the experiment. The SIC content was 
much more flocculated, especially in the corn field. Eshel et al. (2007) reported that 
irrigation of arid-zone is bound to alter the size, properties, and location of SIC as 
influenced by irrigation amount and method, water quality, drainage and leaching, 
plowing, application of fertilizers, and other soil amendments. In addition, secondary 
precipitation of carbonates with divalent cations (e.g., Ca and Mg) is possible under 
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limited leaching and dry conditions. In the opposite of this part of the study and in 
accordance with the increasing of SIC in corn soil. Thaysen et al. (2014) reported that 
dissolved SIC is largely affected by processes that increase the alkalinity of soil such as 
the weathering of carbonate. 
 
 
Fig. 4. Soil inorganic C content (%) during growth period of rice and corn 
 
 The Potential decline or sequestration of soil C and N if rice fields converted 
to corn fields in North Nile Delta Egypt as affected by water shortage in Egypt as a 
result of constructing Ethiopian Dam 
The potential decline of soil C and N due to decreasing rice areas: Egypt relies 
on the Nile for 97% of its water requirements. Egypt’s agricultural sector uses 80% of 
the whole water supplies in Egypt (Nunzio 2013). According to Arafat et al. (2010) the 
cultivated area of rice in Egypt is approximately 650000 ha from the whole cultivated 
area in Egypt; approximately 3.3 million ha; i.e. around 20% of cultivated area in Egypt. 
The expected scenario of El Agroudy et al. (2014) regarding shortage of incoming water 
to Nasser lake due to water storage in front of the Ethiopian Renaissance Dam by about 
25-33 billion m3 yr-1; and if there is no pulling of shortage from Dam Lake; emphasizes 
on wasting about 1.25 – 2.08 million ha of Egypt’s cultivated area; i.e between 46.9% 
and 67.6%. In addition; the lack of irrigation water will lead to expansion of using 
agricultural drainage water which leads to increased water salinity of agricultural lands 
in the Delta. As well the lack of water flow means stopping all land reclamation projects 
and agricultural expansion. Based on the previous mention data, there will be a decline 
in rice cultivated area which store C and N more than another cultivated area, especially 
in the surface layer. Data in Table (4) showed that C and N pools in the surface layer in 
the rice system equal approximately double of its corresponding in the same layer in dry 
crop system (corn). Thus, loss of 50% of cultivated area in Egypt based on the previous 
scenario of El Agroudy et al. (2014) will lead to a loss of approximately 50% of 
cultivated rice area also, hence, the loss of 50% of C and N storage in those soils (equal 
approximately third of C and N of Egypt’s cultivated soils) because of converting rice 
to dry crops. In addition; some soils in Egypt, especially in North Nile Delta (more 95% 
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or rice cultivation in Egypt is concentrated in this area), is salt-affected soil; thus, rice 
cultivation is one of the most important practices that lead to salinity leaching. As 
mentioned above salinity is one of the major sources of declining net primary production 
the SOM, C and N in soil.  Although; rice cultivation is known as an important emitter 
of greenhouse gases emission especially methane, as a result of rice management 
practices, rice straw burning after harvesting and machinery activities (Farag et al. 2013), 
some studies such as (Shibu et al. 2006; Farag et al. 2013; and FAO 2004) recommended 
that changing management practice; such as decreasing ploughing, converting to 
agriculture conservation, replace burning of rice straw to some other uses and balanced 
fertilizer application; will lead to mitigating of greenhouse gases emission from rice 
cultivation; improving build-up of soil organic matter stocks and enhancing the 
environmental impacts of current management practices. In this context; the impact of 
climate change on agriculture productivity, water shortage and shifting growing seasons 
can’t be neglected in this vulnerable area to its negative impact such as loosing or 
salinization of considerable areas of cultivated lands in North Nile Delta, Egypt due to 
rising sea level and rapid decomposition of SOM as result of increasing temperature. 
Smith et al. (2013) expected that relative sea level rise in the high scenario increases the 
amount of land risk from inundation in the northern Nile Delta by 300 km2, or more than 
one-fifth of total agricultural land in the northeast Nile Delta only. As well they added; 
all crops are projected to have a decrease in yields and an increase in irrigation needs. 
All these will lead to a decline in C and N in agricultural soil. Thus; under such previous 
stresses on C and N in North Nile Delta Egypt as a result of climate change and water 
shortage due to establishing Ethiopian Dam, the actions should be taking towards either 
mitigation or adaptation of this stresses.  
The potential sequestration of soil C and N if rice fields converted to corn 
fields: Although, the previous mentioned results and findings regarding decline in soil 
C and N in rice fields and their negative impacts, there is a positive side if rice is 
converted to corn, for example, representing in potential sequestration of soil C and N. 
There are two potential processes to balance the global C cycle; either reduce the 
emission rate of CO2 and/or to develop natural C sink that can offset the increasing level 
of CO2 (Ahirwal et al. 2017). The results in Figure (5) show that there is a variable 
capacity of different soil depths to sequester soil C or N. the highest capacity (i.e. 
potential sequestration rate) is demonstrated in surface soil (0-30 cm).  
The high capacity in the soil to sequester C or N means that this soil is degraded 
(Akpa et al. 2016), and management practices are not well. Total soil C revealed the 
highest potential sequestration rate followed by SOC in surface soil. In subsurface and 
lower soils, the sequestration rate of SOC was negative, which means that conversion 
from soil to corn will not benefit in SOC storage in those depths as well on the whole 
profile depth. This indicating that the possible conversion from rice to corn will only 
benefit in surface soil. 
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        Fig. 5. Potential sequestration rate of soil C and N if rice converted to corn system 
Seq TSC: sequestration rate of total soil carbon; seq SIC: sequestration rate of soil inorganic carbon; seq SOC: 
sequestration rate of soil organic carbon; seq TSN: sequestration rate of total soil nitrogen 
  
 The same observation was recorded also in soil total C in 30-60 cm. In this 
context, Akpa et al. (2016) stated that conversion of high C soil to shifting cultivation or 
permanent crops can lead to loss of SOC by an average of almost 20% over a period. 
Therefore, land management is very important to preserve the SOC pool or even lead to 
increased C sequestration and thus reduced atmospheric CO2 concentration. In addition, 
Zhang et al. (2016) confirmed that SOC can be retained depending on the balance 
between C input and output, that will be influenced by agronomic practices such as 
fertilization, rotation, tillage, etc.), and climatic conditions. Since all studied land uses 
are in the same climate zone, soil properties and management practices will largely the 
main reasons for differences in the retention rate of soil C and N stocks. As well, Huang 
et al. (2014) reported that although the large loss of SOC because of long-term intensive 
cropping, the huge potential of C sequestration can be provided by croplands to mitigate 
the negative impacts of increasing atmospheric CO2 through adopting appropriate 
management practices (Huang et al. 2014). Therefore, there is an urgent need for more 
research in this area to evaluate the effect of possible declining in rice areas and the 
possible alternative for storing and accumulating high C and N content in this area 
especially under their climate conditions which accelerate the decomposition of soil 
organic matter.   
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CONCLUSIONS 
 
Agricultural soils in North Nile Delta Egypt suffering from declining SOM, C 
and N contents; in addition to its vulnerability to water shortage and climate change. 
Rice system in this area has higher C and N stocks, however, the area of this system 
expected to decline as a result of many reasons such as Establishing Ethiopian Dam and 
climate change. Management practices should be taken into consideration to avoid such 
decline in those soils and consequently decline in C and N under those stresses; in 
addition to focus on a labile fraction of SOM, C and N in the soil to enhance soil quality 
also. As well; the attention should be paid to restoring barren and degraded soil in the 
North Nile Delta Egypt for balancing the excepted decline in C and N in addition to 
sequestering them for climate change mitigation.  
  
 ACKNOELEDGEMENTS: This research did not receive any specific grant 
from funding agencies in the public, commercial, or not-for-profit sectors. 
 Abbreviations: 
 
SOC: Soil organic carbon 
SIC: Soil inorganic carbon 
TN: Total nitrogen 
SC: Soil carbon 
SN: Soil nitrogen 
IC: Inorganic carbon 
OC: Organic carbon  
L1: Surface layer 
L2: Subsurface layer  
L3: Lower layer 
ECe: Electrical conductivity in soil paste 
ESP: Exchangeable sodium percentage  
BD: Bulk density 
SOM: Soil organic matter  
CCE: calcium carbonate equivalent 
POC(N): Particulate organic C or N 
NPOC (N): Non-particulate organic C or 
N 
HMP: Hexametasodium phosphate 
SCS: Soil carbon stock 
SNS: Soil nitrogen 
stock
  
SR: Stratification ratio 
EF: Enrichment facto 
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